Purpose: To evaluate overall survival (OS), progression-free survival (PFS), loco-regional recurrence (LRR), and toxicities for early breast-cancer patients with one to three positive axillary lymph nodes, by the addition of radiotherapy to adjuvant chemotherapy.
INTRODUCTION
Breast cancer is the most frequent malignant tumor in women worldwide. In Egypt, it is the most common cancer among women, representing 18.9% of total cancer cases. More than 50% of patients present as early stages, thanks to advances that had recently made in the strategies of screening and early detection. A study by Salem et al. (1) , showed that, in Egypt, 11% of patients presented as stage I, 30% stage II, 33% stage III, and 26% stage IV (1, 2) .
Radiation therapy (RT) is frequently recommended for patients with early breast cancer who had undergone mastectomy. Guidelines from the American Society of Clinical Oncology (ASCO), the National Comprehensive Cancer Network (NCCN), and the American College of Radiology (ACR), all recommend for postmastectomy RT for patients with four positive lymph nodes. However, these patients account for only a minority of nodepositive disease. Unfortunately, all the three guidelines reported that insufficient evidence still exist to make any evidence-based post-mastectomy recommendations for patients with one to three positive nodes (2) (3) (4) (5) .
Considering RT in early breast cancer with one to three positive axillary lymph nodes remains unclear. Till recently, studies were unable to provide definite answers regarding this controversial issue (6) (7) (8) .
STUDY OBJECTIVES
To evaluate the overall survival (OS), progression-free survival (PFS), loco-regional recurrence (LRR), and toxicities for early breast-cancer patients with one to three positive axillary lymph nodes, who underwent mastectomy, and axillary lymph node dissection, followed by either adjuvant chemotherapy and radiotherapy, or only adjuvant chemotherapy.
The primary end point was survivals benefits (PFS and OS). The secondary end points were LRR and toxicities.
MATERIALS AND METHODS

INCLUSION CRITERIA
Female patients were eligible for enrollment into the study if they had pathologically proven breast cancer with one to three positive axillary lymph nodes on pathological examination. Status post mastectomy and axillary lymph node dissection. Patients should have stages II breast cancer (T1N1, T0N1, T2N1), with tumor size ≤5cm (pT1-2).
Further, for enrollment, patients should be between 17 and 65 years. Performance state had to be from 0 to 2 (ECOG). Patients should have adequate hematological, renal, and liver functions. Written informed consent from patients needed before proceeding in the trial. Female patients of childbearing potential must have a negative pregnancy test (serum β-HCG); and both the patient and her husband must employ effective contraceptive measures prior to the start of therapy until 4 weeks after the last dose of chemotherapy. Hormone receptor status has to be either ER or PR + ve, with HER 2 neu either positive or negative. Adjuvant chemotherapy should include anthracycline. Additionally, patients must have no concurrent malignancy.
Settings: The study was run in 2 educational institutes in Egypt; Ain Shams University Hospital, and Ismailia oncology teaching hospital. Study design: Patients were assigned to one of the following groups; Group 1: patients underwent adjuvant chemotherapy then radiotherapy, Group 2: patients underwent adjuvant chemotherapy only.
RADIOTHERAPY
Radiotherapy was delivered by 3D conformal radiotherapy (CRT).
Positioning: The patient was placed supine with both arms above her head. Immobilization was maintained by the commercially available devices. Simulation: Simulation was done using CT simulation technique. Surgery scar, borders, and reference points were marked with radio-opaque wire before CT scanning. Clinical target volume (CTV), (OAR) definition as the following (Figure 1) ; CTV was defined as the excision cavity plus 1.5 cm free resection margin. 
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Planning target volume (PTV) was equal the CTV plus 0.5-1 cm. The target was considered to be appropriately treated if the PTV was enclosed within the 95-105% isodose line.
ORGANS AT RISK
The organs at risk (OAR) included the heart major blood vessels, ipsilateral, contolateral lungs, contralateral breast, cervical cord, and brachial plexus. Radiotherapy planning had to be adjusted to avoid OAR (9).
Field arrangement
Radiotherapy was delivered to the chest wall, and the supraclavicular fields using the same isocenter (mono-isocentric technique). Chest wall irradiation was done using two tangential fields, with the use of wedges as indicated. Multi-leaf collimator applied for optimally adjusting the therapeutic field to the tumor area. Supraclavicular Field irradiation was done by an anterior oblique field angled slightly away from the spinal cord. A humeral head block was added to block the humeral head and acromioclavicular joint.
Dose
The intended dose was 50 Gy, given in 25 fractions over a period of 5 weeks by conventional fractionation (2Gy/fraction).
RT machine was Linear accelerator 6-9 MV (10, 11). After RT, all the patients were put on hormonal therapy. Additionally, those who had HER2 + ve disease continued on trastuzumab for 1 year.
FOLLOW-UP
After finish of the treatment protocol, patients were followed-up according to the NCCN recommendations; by regular clinic visits every 4-6 months for the first 5 years, then annually thereafter. In each visit, patients were evaluated by history, physical examination. Annual X ray mammography, annual gynecological assessment for those on tamoxifin, and frequent DEXA scanning for those on aromatase inhibitors (5).
TOXICITY
Toxic effects were graded according to the National Cancer Institute Common Toxicity Criteria, version 2.0. Early toxicities were defined as toxicities that occurred during treatment till 8 weeks post radiotherapy. Late toxicities referred to those occurred >8 weeks after finish of treatment protocol (12) .
STATISTICAL ANALYSIS
All calculations were carried out using prism-6 software for windows. All analyses were carried by intention to treat. Mean and median values were used for the description of continuous data. For comparison between the two group characters, t -test, and pvalue were used. OS and PFS for each arm were analyzed by the Kaplan-Meier method. Further, they were compared using the log rank and Wilcoxon tests.
The univariate cox hazard analysis was applied to evaluate the effect of pre-specified prognostic factors including age, performance state, histopathological type, grade, stage, HER status, numbers of positive lymph nodes, and invasion on OS, PFS, recurrence, and deaths.
p-Value was significant at ≤0.05. Further to that, the study power was checked using SPSS-19 software.
Overall survival was measured from the time of randomization till death or the last follow-up visit. PFS was measured from the time of randomization till relapse, recurrence, or the last follow-up visit. LRR was defined as reappearance of local or regional tumor (in the chest wall, axilla, supraclavicular, or infraclavicular area) without distant metastases.
RESULTS
Between September 2008 and August 2014, 75 patients were enrolled in the current study. Forty patients were assigned to treatment group 1, and 35 patients were assigned to group 2. All the 75 patients fulfilled our eligibility criteria. The mean age was 52.4 years (range 29-65 years). The median performance status was 0 (range 0-2). All the 75 patients had stage II (4 T0N1, 29 T1N1, 42 T2N1) (5%, 39 and 56%, respectively) ( Table 1) .
TREATMENT PROTOCOL
All the 75 patients underwent modified radical mastectomy, with axillary lymph node dissection (level I, II). Axillary lymph node dissection was done after sentinel lymph node examination in 50 patients by frozen section during the operation. A median of 10 lymph nodes were removed (range [5] [6] [7] [8] [9] [10] [11] [12] [13] [14] [15] [16] .
Following mastectomy, all our patients underwent adjuvant chemotherapy at mean time of 4 weeks. Chemotherapy regimes used included FAC (12 patients of group 1 and 13 patients group 2), AC (6 patients of group 1 and 2 patients group 2), and sequential AC, taxene (20 patients of group 1 and 20 patients group 2).
Additionally, two patients of group 1 received adjuvant CMF after the first cycle of FAC. The first patient developed prolonged febrile neutropenia grade IV, prolonged grade IV vomiting after cycle 1, and the second patient, who had history of rheumatic mitral regurgitation, developed low ejection fraction (EF) after cycle 1.
Further, 2 patients received adjuvant trastuzumab for HER-2 neu positive status (one group 1, one group 2).
RADIOTHERAPY
Radiotherapy was initiated at mean time of 2 weeks (range 2-3 weeks) after the last chemotherapy cycle for group 1 patients. Radiotherapy was given to all patients by 3D CRT, with CT simulation. The median RT dose was 50 Gy, in 25 fractions for all patients of group 1 (2Gy/fraction) (range 45-50 Gy).
Following adjuvant treatment, the two patients with HER + ve disease continued the full year of adjuvant Trastuzumab. Adjuvant hormonal therapy was given to our patients in the form of tamoxifin (25 patients) and sequential tamoxifin, armatase inhibitors (50 patients).
SURVIVAL DATA
The median follow-up period was 54 (range 50-60 months).
The 4-year OS for group 1 and 2 were 77.5 and 71.4%, respectively (Figure 2) . During the follow-up period, nine patients died from group 1 (8 cancer recurrence, and 1 cardiovascular cause), and 10 patients from group 2 died (9 cancer recurrence and 1 pulmonary embolism).
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For subgroup analysis, Tables 2 and 3 showed the 4-year OS, 4-year PFS categorized by the prognostic features.
During the 54 months follow-up period, 11 patients from group 1 developed breast-cancer recurrence (3 locoregional, 7 metastatic, and 1 both), and 14 patients from group 2 had recurrence (7 locoregional, 3 metastatic, and 4 both) (Tables 4 and 5) .
The distant metastasis rate was the same in the two groups (20% in both). However, the metastasis sites were different in the two groups. The sites of distant metastasis for group 1 were bone, liver, and lung, respectively (55, 30, and 15%, respectively). The sites of distant metastasis for group 2 were liver, lung, and bone, respectively (60, 25, and 15%, respectively).
TOXICITIES
Early toxicity
Radiotherapy side effects. Radiotherapy delay happened in four patients (10%). The mean delay time was 1 week (range 5-14 days). No patient discontinued from RT for side effect. No deaths occurred related to treatment ( Table 7) .
Late toxicities
For group 1. During the 54 months follow-up period, four patients from group 1 developed lymphedema grade I-II (10%). No patient developed lung toxicity or brachial plexopathy. One patient from group 1 died from congestive cardiac failure at 50 months, to note that patient was known to have long history of rheumatic mitral regurgitation, and her EF was 45% before Tables 6 and 7) .
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DISCUSSION
Radiotherapy in early breast cancer has been debatable for decades. While studies had showed its role in improving loco-regional control, its impact on OS is still unclear (13, 14) . The promising results of RT was supported by the results of studies of Cosar et al. (15) and Ragaz et al. (8) , who reported that, addition of RT to chemotherapy for one to three nodepositive breast cancer, improved the 5-year loco-regional control, and PFS. Further, the former study showed improvement of OS by 15% at 5 years, which was found to be non-statistically significant (p = 0.087), and the later showed improvement by 6% at 5 years, that was as well non-statistically significant (p = 0.1) (8, 15) . Beside these individual studies, number of systemic reviews and metaanalyses also demonstrate an absolute survival benefit of approximately 5-10% with the addition of RT (9, 14, 16, 17) .
A recent metanalaysis conducted by the Early Breast-Cancer Trialists' Collaborative Group (EBCTCG) in women who had one to three positive nodes. They reported that post-mastectomy RT reduced the recurrence rate by 32% and reduced the breast-cancer mortality rate by 20% (18) .
On the other hand, an important meta-analysis by EBCTCG (19) , that included 2000 women with early breast cancer, failed to show any improvement in OS after 20 years of follow up (19) .
Many reasons can explain why the improvement in PFS was not reflected on definite improvement in OS. Cuzik et al. (20) , reported that, there were late excess cardiac deaths that mask the www.frontiersin.org potential reduction in deaths from breast cancers. However, excess cardiac deaths did not appear to be occurring in recent trials that used modern planning techniques including CRT. This might explain why the recent metaanalysis of EBCTCG (18), showed clear improvement in survival (19) (20) (21) .
Another clinical evidence to confirm the above point that RT does not really increase late cardiac deaths, came from the metaanalysis of Van de Steene et al. (14) , in which they reanalyzed the data of the EBCTCG (19) to include only recent trials, and they showed substantial reduction in the risk of mortality associated with radiotherapy by 12.4% (p < 0.001) (14) .
Additional supporting evidence of the benefits of RT on OS came from the hypothesis that, if the burden of distant metastasis can be reduced by systemic therapy, then RT given to the loco-regional sites might prevent secondary dissemination (20, 21) .
Finally, another evidence to support the benefit of RT on OS came from the role of RT after breast conservative surgery. A metaanalysis of Whelan et al. (22) , showed that the addition of RT to systemic therapy statistically significantly reduced the risk of mortality after breast conservative surgery (odds ratio 0.83; p = 0.04). These results had led to the general acceptance that RT Other (discomfort, swelling) 2.5 0
Our inclusion criteria was strict to include only patients with one to three lymph node-positive stage II breast cancer, to avoid any other risk factors that may flaw the results.
In our study, we avoided giving RT by hypofractionation as this approach was not standardized at time of randomization. Further, we avoided giving radiotherapy by higher dose per fraction that may be associated with more toxicity profile especially late ones.
Our results indicated that, the addition of postoperative RT to systemic therapy after mastectomy for stage II breast-cancer significantly reduced LRR by 12.5%, and improved the PFS by 12.5% at 4 years.
For our OS results, RT improved the OS at 4 years by 6.1%, and that was found to be non-statistically significant. On the subgroup analysis, RT improved OS in the high-risk group of patients who had performance state 2, pathological grade 3, two to three positive lymph nodes, and those with lymphatic invasion. This was found statistically significant by univariate analysis.
The subgroup analysis for Tables 2 and 3 were done using univariate analysis. Mulitvariate analysis was not feasible because of the relatively small sample size.
Our study showed that upon recurrence, the distant metastasis rate was the same in the two groups (20% in both). However, the sites of metastasis were different between the two groups (Bone group 1 and liver group 2). The significance for that, as well as the correlation of that with RT is not yet clear.
Regarding the toxicity profile, our study confirmed that, RT by conformal 3D radiotherapy was generally tolerated well, and associated with mild toxicity profile.
CONCLUSION
The addition of radiotherapy to adjuvant chemotherapy in stage II breast cancer with one to three positive lymph nodes improved the PFS, and LRR. Radiotherapy improved OS only in patients with high-risk features including those with PS 2, two to three positive axillary lymph nodes, and those with lymphatic invasion.
